Abstract We reviewed 60 custom-made femoral components of two different lengths : 125 mm (group A) and 100 mm (group B), in order to investigate the relationship between stem length and canal filling in uncemented custom-made total hip arthroplasty. There were no statistical differences between the two groups in age, gender, height, body weight, canal flare index, or bowing angle of the femur. Postoperatively there was no statistical difference between the two groups in the proximal canal filling, but significant difference in the distal canal filling (75.5% vs 85.8% on the anteroposterior view and 76.0% vs 82.5% in the lateral view, P<0.001). The distal canal filling inversely correlated with the ratio of the proximal portion and the distal portion of the stem curvature on the lateral view (lateral curve ratio of the stem, P=0.002). We conclude that superior filling at both the proximal and the distal levels can be obtained by using 100-mm custom made components with a small lateral curve ratio.
Introduction
Optimal fit (surface area of the implant in direct contact with the endosteal surface) and optimal canal filling (the percentage of the cross-sectional area of the femoral canal occupied by the prosthesis) are important factors for stable fixation in uncemented total hip arthroplasty (THA) [1] [2] [3] , as well as is surface finish [1, 4, 5] . To achieve optimal fit and fill in patients with variable femoral geometry, especially in osteoarthritis secondary to hip dysplasia, custom-made femoral prostheses [6] [7] [8] [9] [10] [11] [12] or modular prostheses [13, 14] are preferable to off-theshelf components.
Since 1994 we have been using uncemented custommade femoral components, mainly for patients with secondary osteoarthritis of the hip. A curved stem was designed to obtain the maximum fill in the medullary canal. Although stem length is one of the variable factors in custom-made components, there have been few reports of stem length in anatomic prostheses [15, 16] . We reviewed patients who underwent THA using custommade femoral components with two different stem lengths in order to investigate the relationship between stem length and canal filling.
Patients and methods
Between January 1994 and July 1997, 99 custom-made femoral components were introduced into 77 patients with acetabular dysplasia or congenital dislocation of the hip and secondary degenerative disease (76 patients : 97 hips) or osteonecrosis (one patient : both hips) (first generation). The initial 28 patients with 30 hips (4 males, 24 females) with secondary osteoarthritis were selected as Group A. Custom-made femoral components (Cremascoli, Milano, Italy) were made with the aid of computerized tomography (CT). The inner and outer contours of the femur were digitized on serial 5 mm pitch axial CT images. The maximum implantable femoral component with a 125 mm stem was designed and made from titanium-alloy (Ti-6Al-4V) with a sand-blasted surface. The femoral canal was prepared using a custom broach that precisely replicated the shape of the prosthesis. In November 1997 the stem length was reduced to 100 mm, to obtain a better fit and canal filling. By August 1998, 37 custom made femoral components had been introduced into 31 patients with secondary osteoarthritis of the hip (second generation). 25 of these patients with 30 hips (5 males and 20 females) were selected as group B, and matched Group A in age, gender, height and body weight. The comparative figures are shown in Table 1 . To estimate femoral geometry, the canal flare index on the anteroposterior (AP) view was calculated and the bowing angle on the lateral view (17) was measured on preoperative xrays (Fig. 1) . The canal filling seen on the AP and lateral xrays 3 weeks after surgery was measured at the following levels : the lesser trochanter, 1 cm below the lesser trochanter, and 1 cm above the stem tip (Fig 2) . This data was digitally scanned on a MacIntosh computer and the canal filling was measured using the NIH image ver.1.61/ppc. The ratio of the proximal and distal portions of the stem curvature on the lateral view was defined as the lateral curve ratio (LCR) and was compared with the canal filling (Fig. 3) .
The Mann-Whitney U-test and Spearman rank correlation coefficient were used for statistical analysis, and a P-value of less than 0.05 was considered significant.
Results
Canal flare index and bowing angle are shown in Table 1 . There was no statistical difference between the two groups in this preoperative profile.
Canal filling is shown in Table 2 . At the level of the lesser trochanter, the mean canal filling on the AP view was 87.4% for Group A and 89.3% for Group B, and on the lateral view it was 91.9% for Group A and 92.2% for Group B. At 1 cm below the lesser trochanter the corresponding figures on the AP view were 91.0% for Group A and 93.0% for Group B and on the lateral view 91.1% for Group A and 92.3% for Group B. There was thus no statistical difference in the proximal filling between the two groups. At 1 cm above the tip of the stem, the mean filling on the AP view was 75.5% for Group A and 85.8% for Group B (P<0.0001), and on the lateral view it was 76.0% for Group A and 82.5% for Group B (P=0.0004). This represented a significant difference in the distal filling between the two groups. There was no correlation between the canal flare index and canal filling on the AP view, or between the bowing angle and the canal filling on the lateral view ( Table 3) .
The mean LCR was 2.53 for Group A and 1.61 for Group B (P<0.0001) ( Table 1 ). There was an inverse correlation between LCR and canal filling at 1 cm below the lesser trochanter on the AP view (P=0.030, Table 4 ), between LCR and distal filling on the AP view (P=0.002, Fig. 4A ), and between LCR and distal filling on the lateral view (P=0.002, Fig. 4B ).
Discussion
Uncemented custom-made femoral components have been advocated for enhanced fit and fill for variable hip geometry [6, 10, 11] . However some clinical studies have failed to show that custom-made prostheses significantly improve implant longevity, suggesting that the surface finish was not optimal for uncemented implantation [7, 8] . The surface of the custom-made components used in the present study was sand-blasted, the efficacy of which has been previously reported [4] . Both optimal canal filling and satisfactory surface finish can be expected to lead to greater longevity of the prosthesis. Using custom-made components with various shapes, we noticed in some patients that good canal filling could not be achieved with a long, custom-made femoral component. We therefore investigated the relationship between stem length and canal filling.
There was no statistical difference between the two groups in canal filling at the proximal level (the lesser trochanter and 1 cm below). At the distal level, canal filling with the short stem was significantly superior to that with the long stem. For the initial design of the custom-made femoral components, an attempt was made to achieve maximal canal filling both at the proximal and the distal levels. However, on the simulation of insertion of the femoral component, it was found that the longer the custom-made component the more difficult it was to insert, due to the curvature of the femur. As Horne indicated [18] , the three-dimensional curvature of the femoral canal precludes the use of a stem that completely fills the canal because such a stem could not be inserted. To achieve more than 80% distal canal filling on both AP and lateral views, the ideal LCR on the lateral view was less than 1.75 (Fig. 4A,B) . Thus, the LCR may be an important factor for curved anatomical stems to achieve good canal filling at the distal level. A short stem with a small LCR may achieve good canal filling at both proximal and distal levels. Although the ideal is to determine the stem length in proportion to the body profile of each patient, and espe- cially to the length of the femur, we reduced the stem length from 125 mm to 100 mm by removing the parts whose distal filling showed less than 80% on the AP and the lateral X-rays. We tried to verify the improved distal filling with a short stem, observed on computer simulation, in the clinical part of the present study. It was found that short stems more often achieved good canal filling at both proximal and distal levels, thus decreasing micromotion, thigh pain, and loosening [19, 20] and ensuring uniform stress transfer [21] . As to the advantages of a short stem, Noble et al showed that such a stem (90 mm) yielded very low values for rotational and translational micromotion, which were significantly smaller than those observed with longer stemmed components (130 and 170 mm) in cadavera [15] . Huiskes showed that longer stems had higher rigidity and produced more stress in the diaphysis, which might be a cause of thigh pain [16] . However, even with a short stem, good canal filling at the distal level may lead to proximal stress shielding [22] , so that, clinical results and implant longevity should be reviewed carefully. Sugano [23] reported lower rates of thigh pain and migration when a fully poroussurfaced short stem was used with a minimum stem length of 90 mm. While we have no data for stems less than 90 mm long, we believe that 100 mm stems are satisfactory.
In conclusion, while both long-stemmed (125 mm) and short-stemmed (100 mm) custom-made prostheses could achieve good canal filling at the proximal level, better canal filling at the distal level was achieved with short-stemmed prostheses. Better filling at the proximal and the distal levels can thus be obtained by using 100 mm custom-made components with a small LCR. 
